Abstract. Ordered trees are generally drawn using order-preserving planar straight-line grid drawings. We therefore investigate the arearequirements of such drawings, and present several results: Let T be an ordered tree with n nodes. Then:
Introduction
An ordered tree T is one with a prespecified counterclockwise ordering of the edges incident on each node. Ordered trees arise commonly in practice. Examples of ordered trees include binary search trees, arithmetic expression trees, BSPtrees, B-trees, and range-trees.
An order-preserving drawing of T is one in which the counterclockwise ordering of the edges incident on a node is the same as their prespecified ordering in T . A planar drawing of T is one with no edge-crossings. An upward drawing of T is one, where each node is placed either at the same y-coordinate as, or at a higher y-coordinate than the y-coordinates of its children. A straight-line drawing of T is one, where each edge is drawn as a single line-segment. A grid drawing of T is one, where each node is assigned integer x-and y-coordinates. Ordered trees are generally drawn using order-preserving planar straight-line grid drawings, as any undergraduate textbook on data-structures will show. An upward drawing is desirable because it makes it easier for the user to determine the parent-child relationships between the nodes.
We investigate the area-requirement of the order-preserving planar straightline grid drawings of ordered trees, and present several results: Let T be an ordered tree with n nodes.
Result 1: We show that T admits an order-preserving planar straight-line grid drawing with O(n log n) area, O(n) height, and O(log n) width, which can be constructed in O(n) time. Result 2: If T is a binary tree, then we show stronger results:
Result 2a: T admits an order-preserving planar straight-line grid drawing with O(n log log n) area, O((n/ log n) log log n) height, and O(log n) width, which can be constructed in O(n) time. Result 2b: T admits an order-preserving upward planar straight-line grid drawing with optimal O(n log n) area, O(n) height, and O(log n) width, which can be constructed in O(n) time.
An important issue is that of the aspect ratio of a drawing D. Let E be the smallest rectangle, with sides parallel to x and y-axis, respectively, enclosing D. The aspect ratio of D is defined as the ratio of the larger and smaller dimensions of E, i.e., if h and w are the height and width, respectively, of E, then the aspect ratio of D is equal to max{h, w}/ min{h, w}. It is important to give the user control over the aspect ratio of a drawing because this will allow her to fit the drawing in an arbitrarily-shaped window defined by her application. It also allows the drawing to fit within display-surfaces with predefined aspect ratios, such as a computer-screen and a sheet of paper. We consider the problem of drawing binary trees with arbitrary aspect ratio, and prove the following result:
Result 3: Let T be a binary tree with n nodes. Let 2 ≤ A ≤ n be any userspecified number. T admits an order-preserving planar straight-line grid drawing Γ with width O(A + log n), height O((n/A) log A), and area O((A + log n)(n/A) log A) = O(n log n), which can be constructed in O(n) time.
Also note that [3] shows an n-node binary tree that requires Ω(n) height and Ω(log n) width in any order-preserving upward planar grid drawing. Hence, the O(n) height and O(log n) width achieved by Result 2b is optimal in the worst case. Table 1 compares our results with the previously known results.
Definitions
We assume a 2-dimensional Cartesian space. We assume that this space is covered by an infinite rectangular grid, consisting of horizontal and vertical channels.
A left-corner drawing of an ordered tree T is one, where no node of T is to the left of, or above the root of T . The mirror-image of T is the ordered tree
